ABSTRACT
INTRODUCTION
High-throughput single nucleotide polymorphism (SNP) genotyping is increasingly being applied in large-scale genetic studies, in which thousands of data are routinely generated. An efficient tool is needed to manipulate such huge data output for further analyses.
Automation of data management may be achieved in genetic studies by using different softwares, such as GenoDB (Li et al., 2001) or GenoTool (Hampe et al., 2001) . GenoDB is used for microsatellite markers. The different characteristics of microsatellite and SNP markers do not make GenoDB ideal for efficient management of SNP genotype data. GenoTool is a component of an integrated system for TaqMan TM -based SNP genotyping, which is efficient for processing the SNP * To whom correspondence should be addressed at Osteoporosis Research Center, Creighton University Medical Center, 601 N. 30th St. Suite 6787, Omaha, NE 68131, USA. † The authors wish to be known that, in their opinion, the first two authors should be regarded as joint First Authors. data genotyped by TaqMan TM method (Hampe et al., 2001) . However, it is difficult to adapt the genotype data generated from other SNP genotyping systems to the format desired by GenoTool. In addition, GenoTool runs only on an MS SQL server and Windows-based platforms (Hampe et al., 2001) . Some laboratories may have access to and thus prefer other operating systems (OS). Furthermore, in GenoTool, the data were exported in the format that can only be used for the LINKAGE program, making it cumbersome to adapt the data for various other genetic analysis software programs.
An efficient genotype database should assume that genotype data are not 100% accurate and some data may need to be confirmed or re-obtained in repeat experiments (Li et al., 2001) . These DNA samples are irregularly distributed in different sample plates. Identifying and selecting these samples manually for repeat experiments is time consuming and fallible. An automated liquid handling system, such as Tecan Genesis series (Tecan Inc., Research Triangel Park, NC), can be used for large-scale SNP genotyping projects. However, currently, there is no general software available for liquid handling systems to select specific samples from DNA plates for performing repeat experiments for the selected samples.
We thus developed SNP Processor (SNPP), a general crossplatform dynamic software that can efficiently aid a liquid handling system in repeat experiments and manipulate largescale SNP genotype data.
FEATURES AND ALGORITHMS
Data importing, comparing, searching, reviewing and editing SNP Processor renders large-scale data import quick and easy. Raw SNP genotype data are loaded with duplicate data checking and comparison. This is handy given that usually some DNA samples are duplicated in sample plates for experiments as a genotyping quality control measure. If the same data are found, the system will alert users to choose the data for importing. In the user-friendly SNPP that has nice interfaces for its various capacities, users can review selected genotype data not only in a table format but also in a two-dimensional graphic format (right panel in Fig. 1 ). In the two-dimensional graph, the selected SNP genotype data are plotted according to their signal intensities of the two alleles and classed into three clusters corresponding to their genotype groups (i.e. AA, AB, BB). By visual inspection of the variability of signal intensity and the tightness of the data clustering, users can easily identify low quality SNP calls and improve genotype data quality by editing the data results in SNPP, and repeating experiments or other measures. Users can also compare two or three files automatically. The search function in SNPP facilitates users to locate the data sources.
Sample selection and data transformation for liquid handling systems
It is always the case that some DNA samples need to be re-genotyped. SNPP can identify DNA samples for SNPs that need to be repeatedly genotyped and compile them as a redo file. Redo file can then be transformed into files that a liquid handling system can recognize and execute. For users who only need to use data transformation function, SNPP allows one to apply this function only on an imported format-matched redo file.
The transformed files have been successfully tested on the liquid handling system Tecan Genesis RSP 150 in our lab. Theoretically, the files for the liquid handling system from SNPP will work on all liquid handling robotic systems, which are controlled by the Gemini software (Tecan Inc.).
Calculator
For convenience, SNPP provides a calculator to compute the total reagent volume needed for repeat genotyping for a SNP marker depending upon the number of repeat genotyping necessary. Users can edit the reagent volume for each polymerase chain reaction (PCR), and then the total reagent volume will be changed accordingly.
Mendelian inheritance check
For SNP genotype data obtained from families, consistency with Mendelian inheritance within families is necessary and can provide a preliminary mechanism for genotyping error check. SNPP automatically processes Mendelian inheritance check for the selected markers. According to the Mendelian inheritance checking results, users can edit (e.g. mark those inconsistent data to files for repeat experiments) and update the raw SNP data in the database easily. Then, users can process another step of Mendelian inheritance check by incorporating new results from repeat experiments until no inconsistent data are found under a specified missing data rate.
Data compiling and export
SNPP allows users to easily compile and export the genotype data, along with the available phenotype data in the format desired by different software, such as SOLAR, LINKAGE, QTDT, Genehunter or MEGA2. The MEGA2 software is able to convert the export files from SNPP into various other file formats for other linkage and genetic analyses (Mukhopadhyay et al., 1999) .
IMPLEMENTATION
Two formats of input files can be used in SNPP. One is raw SNP genotype data directly obtained from Invader Analyzer (Third Wave Technologies, Madison, WI). The other is a general format, which can be easily generated from other principal SNP genotyping data files, such as SNPstream (Bell et al., 2002) . In order to make it easy for the software to be extensible and changeable in the future, objectoriented design in the Unified Modeling Language is applied. The client application is written in Java. The system and source code can be downloaded for free from the website (http://orclinux.creighton.edu/snpp/). SNPP is supported by the following commonly used databases: MySQL and MS Access. SNPP can be used for various OS, such as Windows, Linux, Solaris and Mac OS.
